Millennial-scale climate fluctuations of the last deglaciation have been tied to abrupt changes in the Atlantic Meridional Overturning Circulation (MOC). A key to understanding mechanisms of MOC collapse and recovery is the documentation of upper ocean hydrographic changes in the vicinity of North Atlantic deep convection sites. Here we present new high-resolution ocean temperature and  18 O sw records spanning the last deglaciation from an eastern subpolar North Atlantic site that lies along the flow path of the North Atlantic Current, approaching deep convection sites in the Labrador and Greenland-Iceland-Norwegian (GIN) Seas. High-resolution temperature and  18 O sw records from subpolar Site 980 help track the movement of the subpolar/subtropical front associated with temperature and Atlantic MOC changes throughout the last deglaciation. Distinct 
Introduction
The Atlantic meridional overturning circulation (MOC) is strongly dependent on the densification of surface waters that occurs as warm, salty subtropical waters feeding the North Atlantic Current give up heat as they flow eastward across the Atlantic Basin north of 45°N (Fig. 1) . The surface ocean circulation pattern in the subpolar North Atlantic distributes these dense waters to the Labrador and Greenland-Iceland-Norwegian (GIN) Seas where North Atlantic Deep Water (NADW), a critical component of the MOC, is formed. Changes in the North Atlantic freshwater budget due to melting continental ice sheets and icebergs may have disrupted the MOC (Stocker et al., 1992; Manabe and Stouffer, 1997) . Widespread paleoclimatic evidence suggests that the last deglaciation was marked by large, abrupt changes in temperature and Atlantic MOC (Boyle and Keigwin, 1987; Vidal et al., 1997; McManus et al., 2004; Robinson et al., 2005) .
Mechanisms underlying Atlantic MOC recovery throughout climate history remain unclear, particularly the rapid recovery at the onset of the Bølling. Recent paleoceanographic studies (Schmidt et al., 2004; Carlson et al., 2008; Schmidt et al., 2006 ) describe a self-sustaining negative feedback mechanism by which the slowdown of MOC causes a gradual buildup of salt in the tropical/subtropical Atlantic that gradually preconditions the North Atlantic for an increase in surface water density and subsequent MOC recovery. This occurs via advection of salt into the GIN and Labrador Seas until threshold density is reached, hence the abrupt return to "on" mode. Model simulations have also shown evidence of another mechanism for low latitude salt buildup involving a feedback between Atlantic MOC and Intertropical Convergence Zone (ITCZ) dynamics 3 (Vellinga and Wood, 2002; Dahl et al., 2005; Zhang and Delworth, 2005) . Recent studies (Thornalley et al., 2009; Thornalley et al., 2010 ) support an alternative negative feedback based on the hypothesis of Clark et al. (2001) , whereby during periods of enhanced melt water release into the subpolar North Atlantic (and associated reductions in Atlantic MOC and cooling), the expansion of the Laurentide Ice Sheet cuts off melt water discharge routes, causing the inflow to deep convection sites via the subpolar gyre to become more saline and eventually restore deep convection.
Previous North Atlantic reconstructions based on pairing 
18 O c (oxygen isotope composition of foraminiferal calcite relative to the standard Vienna Pee Dee Belemnite, or VPDB) and transfer function temperatures have shown evidence of reduced upper ocean salinity during glacial (Cortijo et al., 1997) and deglacial (Duplessy et al., 1992) ice rafting events. More recent multi-species 
18
O c and Mg/Ca temperature reconstructions spanning the last deglaciation from the northeastern Atlantic (Peck et al., 2008) and just south of Iceland (Thornalley et al., 2010 ) also show evidence of melt water influence on surface hydrography that likely contributed to deglacial Atlantic MOC disruptions (McManus et al., 2004) .
Here, we present new high-resolution planktonic foraminiferal temperature and at the boundary between warm, salty subtropical and cold subpolar waters, just to the north of a major North American iceberg trajectory driven by a cyclonic surface gyre, and are thus highly sensitive to regional climate changes (McManus et al., 1999) .
Sediments from Site 980 contain ice-rafted detritus (IRD) from eastern North America, Greenland, and Iceland (Bond et al., 1997) . Although the majority of 980 IRD is thought to originate from the Laurentide, Greenland, and Iceland ice sheets, this site's proximity to the British ice sheet might also make it sensitive to NW European ice sheet instabilities during the last deglaciation (Peck et al., 2006) .
Materials and Methods
Sedimentation rates spanning the interval of interest (~10-22 ka) average 23 cm ky -1 , and sampling at 1-4 cm intervals provides centennial-to millennial-scale resolution. (Bé, 1977) , whereas under conditions of cooling and increased ice cover, its habitat may shift to shallower depths (Carstens et al., 1997) . A recent data set from the Norwegian Sea (Nyland et al., 2006) suggests that during summer months, N.
pachyderma (d) calcifies in the thermocline at ~50 m, whereas N. pachyderma (s) calcifies at depths of 100 m and deeper. At Site 980, temperatures at 100 m and deeper are not highly variable throughout the year, whereas mixed layer warming and stratification during summer months produces seasonal variations in the upper ~50-75 m (Boyer et al., 2009 
Mg/Ca
Mg/Ca ratios were measured on N. pachyderma (d) and N. pachyderma (s) (average starting sample sizes of ~500-600 g when available). Samples were delicately cracked open between two glass slides and cleaned using published trace metal techniques Keigwin, 1985/1986 ) with a reversal of the oxidative and reductive cleaning steps (Rosenthal et al., 1995) . Samples were dissolved in 5% HNO 3 (trace metal-grade), and Mg/Ca ratios were measured on a Thermo-Finnigan Element 2 sector field single collector ICP-MS (Rosenthal et al., 1999 
MAT
For each faunal sample, we generated quantitative warm and cold season surface temperature (SST) estimates from planktonic foraminiferal assemblage changes using the Modern Analog Technique (MAT) (Prell, 1985) and the Brown University core-top database (Prell et al., 1999) . Sediment samples were dry-sieved at 150 µm and then split to give approximately 300 planktonic foraminifera for census counts. Forty-one species of planktonic foraminifera were identified, if present. The actual number of planktonic foraminifera counted in a sample ranged from 235 to 695 specimens with an average of 394 specimens during the deglacial interval. For the MAT SST estimates, we used the average temperature of the best ten analogs from the North Atlantic Ocean. 8
Sea Level Correction
Coral (Schrag et al., 2002) .
Chronology
The chronology for ODP Site 980 is based on 35 monospecific foraminifera accelerator mass spectrometry (AMS)
pachyderma (s)) spanning from the LGM to the late Holocene (Table 1 ). The Calib (Stuiver and Reimer, 1993) program (version 6.0, Marine09 calibration data set of Reimer et al., 2009 ) was used to convert 14 C ages to calendar ages. The resulting age model suggests an average sedimentation rate of ~23 cm ky -1 throughout the deglacial interval. Calendar age differences between N. pachyderma (s) and N. pachyderma (d) at the same depths (Table 1) are mostly on the order of 100-200 years, except for a ~900-year difference just prior to the onset of the BA, which may reflect age differences in polar vs. subpolar water masses. These age discrepancies are taken into account by applying slightly different age models for N. pachyderma (s) vs. N. pachyderma (d) records (based on dual ages obtained at the four depth intervals listed in Table 1 ).
We assumed a reservoir age of 400 years, except for the YD, H1, and post-H1 intervals, which were identified by the 980 IRD record. We applied reservoir ages of 800 years (Bard et al., 1994; Austin et al., 1995) for the YD interval and 1,500-2,000 years (Peck et al., 2006) across the H1/post-H1 interval. Peck et al. (2006) report reservoir ages of ~1,500 years at the height of H1 and 2,000 years immediately following H1 during the period of reduced Atlantic MOC (McManus et al., 2004) . We identified this period of reduced MOC at Site 980 using the benthic  13 C record, which is low in resolution but provides a reasonable constraint on the recovery of the Atlantic MOC prior to the onset of the Bølling warm period. Peck et al. (2006) provide one of the few estimates of H1/post-H1 reservoir ages for the North Atlantic, and their site is close to Site 980, so we are confident that these represent reasonable reservoir ages for these intervals. 
Error Analysis

Mg/Ca and MAT Results
Although N. pachyderma (s) is present throughout the duration of the deglaciation, N.
pachyderma ( Previous culture studies (Lea et al., 1999; Nürnberg et al., 1996) indicate only a minor effect of salinity (relative to temperature) on Mg/Ca. However, more recent studies (Kısakürek et al., 2008; Ferguson et al., 2008) LeGrande and Schmidt (2006) . Consistent with its closer vicinity to the coast (and British ice sheet), nearby site MD01-2461 shows a freshening of up to 2.6 PSU across H1 (Peck et al., 2006) . Cortijo et al. (1997) did not observe freshening north of 50°N during glacial ice rafting events, which may reflect differences in the positioning of the subpolar/subtropical front and associated variations in sea ice cover and surface ocean circulation patterns between glacial and deglacial climate states (Sarnthein et al., 1995) .
The lack of IRD at Site 980 during MWP-1a rules out the presence of local iceberg melt water in this region of the subpolar North Atlantic at that time (Fig. 3) . The N.
pachyderma ( Slightly reduced salinities, in combination with the coldest temperatures in this reconstruction, may have yielded waters dense enough to support GNAIW formation. (Fig. 4) in the tropical Atlantic (Schmidt et al., 2004) and Pacific (Benway et al., 2006) (Fig. 4) , as well as the subtropical Atlantic (Carlson et al., 2008) .
Links to the Tropics and Subtropics
Between H1 and the BA onset, increasing  18 O sw at Site 980 is accompanied by decreasing tropical and subtropical  18 O sw (Fig. 4) A gradual build-up of salt in the tropics and subtropics has been proposed as a selflimiting negative feedback mechanism for restoring Atlantic MOC (Schmidt et al., 2004; Carlson et al., 2008; Schmidt et al., 2006) . Atlantic-Pacific water vapor transport (Benway et al., 2006; Leduc et al., 2007) . (McManus et al., 2004) and Site 980 benthic  13 C (grey). Radiocarbon age control points are shown on the lower age axis (Table 1) Radiocarbon age control points are shown on the lower age axis (Table 1) (G. bulloides, N. pachyderma (d) , N. pachyderma (s)) spanning from the LGM to the late Holocene.
The Calib (Stuiver and Reimer, 1993) 
